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#604 Yonghyun-dong, Nam-gu, Incheon, Korea 
Phone 82-32-880-5372, Fax 82-32-884-3094 
ABSTRACT 
This paper deals with the theoretical and experimental evaluation of the performance and 
reliability about the hermetic reciprocating compressor for HC600a, which emerges recently as a 
new alternative to CFC12. The thermodynamic and dynamic simulation has been conducted to 
investigate the performance variations of the hermetic reciprocating compressor with HC600a as 
a refrigerant. A new compressor for HC6(X)a has been developed according to the simulation 
data, and a variety of tests has been conducted to obtain the desired reliability. Experimental 
performance evaluation of the newly developed compressor for HC600a is also presented herein. 
INTRODUCTION 
In the early 1990s, the HFC134a was chosen as a alternative to CFC12 and has been 
widely used in the refrigerator for its similar thermodynamic properties and its lack of ozone 
depletion potential. However, HFC134a still have several disadvantages related to chemical 
compatibility, selection of proper lubricant, cost and availability of refrigerant and of the 
lubricant. Especially, its Non-zero global warming potential make it difficult to be the 
permanent alternative to CFC12. So it becomes necessary to look for more environment friendly 
alternatives and then, nowadays, hydrocarbon refrigerants, for example HC600a, emerge as a 
valid option to replace the CFC12 for its zero ODP/GWP and additional advantages of energy 
saving potential, lower noise generation and the use of mineral oils. 
This study presents a development procedure of the compressor for HC600a First, 
thermodynamic and dynamic simulation has been conducted to investigate the performance 
changes of the compressor with HC600a as the alternative to CFC12 in the same displacement 
volume compressor. On the basis of these results, a new compressor working with HC600a has 
been developed and tests related to evaluation of the compressor reliability have been 
performed. The calorimeter measurement for the performance evaluation of the newly developed 
compressor has been conducted and the performance comparisons with the compressors 
designed for CFC12, which has same displacement volume or similar cooling capacity, are made 
as well. 
PERFORMANCE SIMULATION FOR THE DESIGN CRITERIA 
For this study, a ball-joint piston type reciprocating compressor with displacement volume 
8.7 em' has been investigated. Fig. 1 depicts the schematic views of this compressor. 
Mathematical Modeling 
For the thermodynamic modeling, mass and energy conservation laws are applied to the 
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cylinder control volmne and gas pulsations in the suction and discharge system are analyzed by 
the Hehnholtz resonator method. Suction system is described as three resonators in series with 
anechoic pipe and discharge system is modeled as two resonators in series with anechoic pipe. 
Suction and discharge valves are described as one-dimensional mass-spring system 
The dynamic modeling of the compressor mechanism has been conducted with lumped 
mass method. The driving torque and friction losses at each bearing are calculated from this 
dynamic simulation. The friction losses at piston-cylinder and thrust bearing are evaluated by 
hydrodynamic lubrication theory and the L. Gmnbel's analytic solutions are used to estimate 
the friction losses at radial bearings(crank pin bearing and crank shaft bearing). The friction 
loss at ball-joint bearing is obtained from boundary lubrication theory. 
Simulation Results 
To verify the correctness of this simulation, the simulation results have been compared 
with the experimental data of the compressor working with CFC12 under the ASHRAE low 
back pressure operating conditions. As shown in Table 1, there is a good agreement between 
them. 
Table 1 Comparision table of the simulation result vs. experimental data 
-----
Experiment Simulation 
Cooling capacity 1.0 0.97 
Input power 1.0 0.95 
COP 1.0 1.02 
Table 2 shows performance variations working with HC600a as substitution of CFC12 in 
the same compressor. Values are relative to CFC12 application. It is seen from Table 2 that the 
compressor using HC600a is expected to show better COP in spite of approximately 44% 
reduction of cooling capacity. 
Table 2 Performance variations working with HC600a 
Volumetric efficiency and indicated adiabatic efficiency are calculated to increase a little as 
depicted in Table 3. 
Table 3 Comparision of vownetric efficiency and adiabatic efficiency 
CFC12 HC600a 
Volumetric efficiency 81.6% 84.8% 
Indicated adiabatic efficiency 68.7% 73.4% 
Fig. 2 shows the driving torque variations during a cycle. Maximum and average driving 
torque working with HC600a are evaluated about 51% and 49% of those required working with 
CFC12 respectively. The starting torque is also calculated under the equilibrium pressure 
condition at ambient temperature. Equihorium pressures are assumed 4.0kgJ'cm'G for CFC12 and 
1.5kgJ'cm'G for HC600a respectively. The starting torque for HC600a is analyzed approximately 
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42% of that for CFC12. These results indicate that motor for HC600a compressor should be 
newly designed to yield optimum torques and efficiency. 
Bearing load as presented in Fig. 3 is reduced when using HC600a. It is caused from the 
pressure difference acting on the piston becomes lower. 
As shown in Fig. 4 the gas pulsations at plenums are reduced when adopting HC600a. It 
may be expected that the noise generation related to the gas pulsations could be reduced in the 
compressor for HC600a. 
DEVELOPMENT OF THE COMPRESSOR FOR HC600a 
For the development of the compressor for HC600a we have chosen to use the same 
materials and mechanical parts of compressor for CFC12 and optimize the motor only through 
the motor modification using the above simulation results as a design criteria. To check that 
the desired reliability is obtained various tests such as wear test, material compatibility test 
and capillary tube blockage test have been conducted. 
Motor Optimization 
Fig. 5 shows the torque and the efficiency of the motor. It is seen from Fig. 5 that the 
newly designed motor for the compressor working with HC600a, named 1-87, shows better 
efficiency as compared with the motors for the compressor using CFC12, named C-87 and 
C-53, at the nominal operating condition. C-87 has the same displacement volume as 1-87 and 
C-53 is designed to have similar cooling capacity to I-87. The starting torque is optimized to 
keep the lowest starting voltage of the compressor under the 75% of the nominal line voltage. 
Compressor Wear Test 
Compressor wear evaluation has been performed in the hot gas test bench under the high 
load test condition of our own. At first, compressors with mineral oils of viscosity 32 and 
22cSt at 40"C used in compressor for CFC12 were evaluated. During the test, seizure caused 
from severe wear of piston and cylinder part was found in a few compressors. The seizure 
was occurred within 6 days of test. This may be due to the miscibility problem of mineral oil 
and HC600a To eliminate this seizure problem and improve the wear we have selected a new 
mineral oil with anti -wear additive and applied the cylinder surface treatment such as 
parkerizing. 
Table 4 summarizes the evaluation of the dissembled compressors after wear test It is 
seen that the modified compressor with new mineral oil and surface treatment shows a very 
acceptable reliability and improvement of wear compared to the compressor for CFC12 as well. 
A very slight brownish deposit was found on the valves, but the quantities were very small. 
The oil properties also investigated and found no change of oil viscosity and TAN. The results 
of wear test indicate that our selection of 22cSt mineral oil with anti-wear additive and surface 
treatment are relevant for compressor using HC600a. 
Material Compatibility Test 
Sealed glass tube tests according to the ASlffiAE standard have been performed to 
investigate the material compatibility and test results are presented in Table 5. Compatibility of 
selected mineral oil and HC600a with metallic and plastic compressor components is no different 
from the compatibility of the CFC12 and mineral oil. 
Canillary Tube Blockage Test 
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In order to investigate the capillary tube blockage which occasionally detected in 
HFC134a/ester oil compressor accelerated capillary tube blockage tests were canied out under 
our own test condition. After 200, 500, 1000 and 2000hr flow rate reduction has been measured. 
it is found that there is almost no restriction and residues in the capillary tube 
Table 4 Results of the wear test 
Refrigerant/oil HC600a/32cSt Cl) HC600a/22cSt (2) HC600a/22cSt* CFC12/22cSt 
Wear 1-3 1-7 0-2 1-3 
Valve deposit 1-3 1-3 1-2 1-3 
Cu-plating 0-1 Q-1 0-1 1-3 
· No anti-wear ·No anti-wear · anti-wear add- · No anti-wear 
Remarks additive and su- additive and su- itive and surf- additive and su-
rface treatment rface treatment ace treatment rface treatment 
<Note> · O=New, 1-5=Acceptable, 6-10= Not acceptable 
· (1),(2): Seizure occurred in a few compressors. The others completed the test. 
Evaluations are only for the compressors which completed the test 
Table 5 Results of the material compatibility test 
Material Oil color (ASTM) TAN(mgKOWg) 
Al, Cu, Fe 10.5 0.01 
PET film 10.5 0.01 
PBT L0.5 0.02 
Elastomer 10.5 0.02 
PERFORMANCE EVALUATION OF THE COMPRESSOR FOR HC600a 
The newly developed compressor for HC600a(I-87) and the compressors for CFC12(C-87 
and C-53) were tested with the secondary refrigerant calorimeter. Tests have been conducted 
under the ASHRAE low back pressure operating conditions. Test results are presented in 
Table 6. 
It is seen from table 6 that the newly developed compressor in this study has a COP 
3-7% better than the compressors for CFC12 which have the same swept volume or the 
similar cooling capacity. This test results are similar to those of the performance prediction 
simulated in this study. 
Table 6 Results of the calorimeter measurements 
Model name 
Refrigerant! Cooling capacity Input power 
COP 
Displacement vol.(cm') (W) (W) 
1-87 HC600a/8.7 163 122 1.30 
C-87 CFC12/8.7 308 245 1.26 
C-53 CFC12/5.3 169 140 1.21 
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CONCLUSIONS 
For the development of the compressor working with HC600a performance simulations 
have been conducted using the thermodynamic and dynamic modeling. From the simulation, it 
was able to predict the performance variations induced when using the HC600a as a alternative 
to CFC12 and to get the useful design data especially related to motor modification. From the 
reliability tests it was found that some treatments were needed to prevent the wear caused 
from miscibility problem of the HC600a and mineral oil. So new mineral oil with anti-wear 
additive and surface treatment are adopted in the newly development compressor for HC600a. 
From this study, the compressor for HC600a which has better COP and reliability than the 
compressor for CFC12 could be developed. 
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Fig. 5 Torque and efficiency of the motor 
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